Abstract. The renaturation kinetics of labeled DNA derived from synchronized Chinese hamster cells indicate that the three classes of repetitious DNA replicate uniformly throughout the S period, and that a piece of repetitious DNA may occur at or near the beginning of each replicon. Studies with mousecell DNA suggest that mouse satellite DNA replicates when euchromatin replicates.
replicates.
The DNA sequences in higher organisms may be divided into three classes: highly repetitious, moderately repetitious, and nonrepetitious.' In some organisms such as thee mouse, a portion of the highly repetitious class may be separated by cesium chloride ultracentrifugation from the rest of the DNA, into a minor fraction known as satellite DNA. 2 The present study asks: Do the different classes of repetitious DNA replicate at different times during the S period? Synchronized Chinese hamster and mouse cells were used, and the DNA was examined both by hydroxyapatite chromatography and ultracentrifugation through a CsCl gradient.
Methods. Cell synchronization: Chinese hamster cells. D)iploid Don-C3 Chinese hamster cells were synchronized by the mitotic selection technique.3 A suspension containing from 85 to 96% metaphase cells was resuspended in fresh melium c3 stainiing 2 ,uM amethopterin and 10 /AM adenosine. 4 The GI period in the Don C cells is 3 hr. They were incubated in the amethopterin for 4 hr after reseeding (1 hr longer than the GI period) to further perfect the synchrony. If the cells were to be labeled during the early portion of the S period, they were released from synchrony by the addition of [3H thymidine. If they were to be labeled later, they were released by exposure to 20 Mg/ml nonradioactive thymidine for 30 min, washed three times, incubated in fresh medium, then such that the cpm for the two isotopes were approximately equal and the concentration of DNA ranged from 10 to 80 ug/ml. DNA was sheared by two passages through a specially designed French press at 25,000 psi, denatured by boiling for 7 min, and placed in an incubator at 60'C. At intervals, aliquots were placed on 1.0 ml of packed hydroxyapatite previously equilibrated with 0.12 M P04++ buffer and maintained in a jacketed glass column at 600C. The column was washed with 5 ml of 0.12 M phosphate buffer collected in 1.0 ml fractions to remove denatured DNA, and then washed with 5.0 ml of 0.3 M P04++ to remove the renatured DNA absorbed to the column. Bovine serum albumin was added as carrier and the fractions were precipitated with 10% trichloroac3tic acid, filtered onto Millipore filters, dried, and counted in a Beckman scintillation counter with 5 g of PPO (2,5-diphenyloxazole) and 100 g of naphthalene per liter of dioxane. The 'H and '4C counts were processed with a computer program which corrected for background and for cross-over between channels. The fraction of D)NA absorbed was calculated as a fraction of the renatured peak over the total DNA and this was plotted against the CoT value (moles X seconds/liter).' Cesium chloride centrifugation: To investigate the replicative behavior of satel- Results. Cell synchronization: Good synchronization of the cells was a necessary prerequisite to the success of this study. The use of both mitotic selection and amethopterin for the Chinese hamster cells provided excellent synchronization. Over 90% of the cells were labeled from 1 to 5 hr, less than 5% at 6 hr, and almost none at 7 and 8 hr. The asynchronous, late replication pattern was seen almost exclusively in the 5-hr sample. The degree of synchrony was less precise in the mouse diploid cells so that each experiment had to be checked by autoradiography to adequately evaluate the results. The percentage of cells in which only euchromatin, both euchromatin and heterochromatin, and only heterochromatin was labeled was tabulated, and the ratio of labeled euchromatin/labeled heterochromatin was determined as shown in Table 1 . Early-labeled Chinese hamster DNA: Chinese hamster cells were synchronized and labeled during the first 2 hr of the S period with [3H]thymidine. The CoT curve of this DNA and the 14C control were identical ( Fig. 2A) (Fig. 2C) . When the duration of labeling was extended to 5 min the rate of reassociation was less, and decreased even further if the cells were released for 10 [3H]thymidine 4-6 hr after release of the block were similar to control DNA (Fig. 3) . The rate of reassociation of the 0-2 hr sample appeared to be slightly faster than the control. Since synchrony was not perfect, and since the satellite constituted a small fraction of total DNA, the cesium chloride centrifugation gave a more precise indication of the replicative behavior of the satellite band. In both of the mouse diploid cell preparations in which adequate synchronization was confirmed by autoradiography, the DNA samples labeled at 0-2 hr of the S period showed a significant increase in counts in the satellite region compared to the "4C-labeled control DNA (Fig. 4A) . By contrast, counts in the satellite region were not significantly different from the control DNA in the samples labeled at 4-6 hr. The data are not adequate to determine with certainty whether some satellite is also replicated in association with heterochromatin replication, but the shift toward association with euchromatin replication implies that satellite DNA replication occurs during euchromatin replication. Discussion. The results with Chinese hamster cells indicate that in this species, which contains no satellite DNA, the different classes of repetitious DNA are replicated uniformly throughout the S period; also the late-replicating, highly repetitious DNA. Use of both mitotic selection and brief amethopterin block allowed very precise synchronization of these cells. When they were labeled for the first few minutes of the S period the resultant [3H ]DNA renatured more rapidly than the control DNA, compatible with the possibility that there may be a piece of repetitious DNA at or near the start of each replicon.
When cultures of mouse diploid cells were synchronized and labeled during different portions of the S period it became apparent that the replication of satellite DNA was associated with euchromatin replication. This was of particular interest in view of recent studies which indicate that satellite DNA seems to occur preferentially in the heterochromatic fraction of mouse liver cells7 and the results of in situ hybridization which indicate that satellite DNA is associated with the pericentromeric heterochromatin in mouse chromosomes.8'9 DNA isolated from purified nucleoli is also enriched in satellite DNA.'0 Although the function of satellite DNA is unknown, it is presumably important since it has been retained during evolution and in the heteroploid mouse L-cell line."1 Harel et al. 12 have shown that the dA-rich strand of mouse satellite-DNA hybridizes with the rapidly labeled, high molecular weight RNA from cultures of liver, kidney, and L-cells. The observation that the satellite DNA apparently performs an essential function and that it hybridizes with rapidly labeled heterodisperse RNA is consistent with the finding that the replication of satellite DNA is associated with the replication of euchromatin rather than heterochromatin.
While we do not mean to imply that satellite DNA in the mouse necessarily has anything to do with the nucleolus, it is of interest to draw an analogy with the nucleolus organizer. It too contains repetitious sequences, is associated with the nucleolus, with heterochromatin, and with the centromere, and is replicated in association with euchromatin replication. lb 
